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Chapter  one: 


Introduction  and  Survey  of  the  Literature 


Air  pollution  has  come  to  threaten  man's  way  of  life  in  a 
number  of  distinct  ways.  Proctor  (1)  observes  that  materials  in 
paints,  clothing  and  buildings  exposed  to  outdoor  air  may  be  broken 
down  by  air-borne  contaminants  such  as  hydrocarbons,  carbon  mono¬ 
xide  and  sulfur  dioxide.  Vegetable  life  including  both  foods  and  plants 
may  also  be  damaged.  Except  for  some  questionnable  enhancement  of 
the  colors  at  sunset  the  aesthetic  values  of  our  atmosphere  are  definitely 
lessened  through  soot,  bad  odors  and  poor  visibility.  Finally,  there  is 
increasing  testimony  to  the  theory  that  man's  health,  from  annoying  colds 
to  more  serious  illnesses  such  as  chronic  bronchitis  and  emphysema,  is 
not  at  all  impervious  to  air  pollutants. 

Since  man  habitually  breathes  through  his  nose  most  of  the  day  it 
is  appropriate  to  investigate  the  physiological  function  of  the  nasal  airway 
in  relation  to  the  pollutants  in  air,  and  atmospheric  affects,  corresponding¬ 
ly,  upon  those  functions. 

According  to  the  U.S.  Department  of  Health,  Education  and  Welfare 
statistics,  the  amounts  of  pollutants  in  urban  air  are  presently  at  a 
relatively  high  level,  ranging  from  a  concentration  of  0.06  parts  per 
million  (sulfur  dioxide)  in  an  average  24 -hour  day  in  Denver  to  a  high  of 
0.79  parts  per  million  in  an  average  24-hour  day  in  Chicago(2). 
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Comparisons  with  former  years  are  not  available  because  of  the 
very  recent  advent  of  monitoring  equipment  in  this  field.  From  these 
statistics  it  appears  that  wi  th  present  industrial  techniques  these  con¬ 
centrations  of  gas  can  only  become  increased  over  time. 

There  are  a  number  of  gases  which  trouble  our  urban  atmosphere 
today.  Among  them  are  nitrogen  oxides,  sulfur  dioxide,  carbon  monoxide 
and  ozone,  all  inorganic  gases.  Hydrocarbons,  aldehydes  and  ketones 
are  organic  contributors.  For  every  one  thousand  gallons  of  automobile 
gasoline  combusted  the  following  is  produced: 

2400  pounds  of  carbon  monoxide 
180  pounds  of  nitrogen  oxides 
9  pounds  of  sulfur  dioxide 
4  pounds  of  aldehydes 
132  pounds  of  hydrocarbons. 

For  every  tone  of  coal  or  oil  burned  there  are: 

l  to  50  pounds  of  carbon  monoxide 
8-to  25  pounds  of  nitrogen  oxides 
40  pounds  of  sulfur  dioxide 
1  to  10  pounds  of  hydrocarbons. 

The  concentrations  of  the  above  pollutants  in  typical  urban  atmosipjaere 
is  as  follows: 

carbon  monoxide  -  5  to  30  parts  per  million 
hydrocarbons  -  up  to  25  parts  per  million 
nitrogen  oxides  -  up  to  2  parts  per  million 
ozone  -  up  to  1.7  parts  per  million. 

The  average  concentrations  when  there  is  movement  of  air  are  actually 

less  than  one-hundreth  of  these  values,  but  one  must  consider  that  each 

day  a  human  breathes  approximately  10-20,000  liters  of  this  contaminated  air. 
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How  do  these  gases  fail  to  destroy  the  same  society  that  produces 
them  in  such  abundant  quantity? 

It  is  well  known  that  the  nose  effectively  adjusts  to  water 
vapor  pressure  and  <Ur  temperature  toward  that  which  exists  in  the 
pulmonary  alveoli(3).  The  role  played  by  the  nose  in  the  removal  of 
pollutants  from  the  air  has  only  recently  been  subjected  to  effective 
research  models  in  man.  There  seems  to  be  a  definite  protective 
part  played  by  the  nose  in  preventing  air  pollution  from  reaching  the 
lower  respiratory  tract  and  thereby  predisposing  the  individual  to  in- 
fla:  mmation  and  disease  (4).  Until  recently,  little  attention  has  been 
given  to  the  characteristics  of  nasal  air  flow.  It  has  only  recently  been 
noted,  for  example,  that  in  comparison  to  the  remainder  of  the  respiratory 
tree,  nasal  air  flow  is  quite  turbulent  (5).  (6). 

Studies  with  Animal  Subjects: 

Animal  exposures  to  sulfur  dioxide  have  contributed  to  the  subject  of 
nasal  filtration  of  air  pollution.  Salem  and  Aviado  (7)  exposed  anesthetized 
dogs  to  between  200  and  850  parts  per  million  of  sulfur  dioxide  and  noted 
pulmonary  vasoconstriction  and  bronchoconstriction  preceded  by  bronchodilata- 
tion.  3alchum  et  al  (8)  anesthetized  dogs  and  exposed  them  to  sulfur  dioxide 
in  concentrations  ranging  from  1  to  150  parts  per  million  for  20  to  40  minutes. 

The  animals  breathed  the  gas  1)  through  the  nose  and  mouth  or  2)  through 
tracheal  openings.  In  both  test  situations  there  were  decreases  in  lung  compliance 
and  increaseses  in  respiratory  resistance  with  all  concentrations  of  gas  employed. 
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The  increase,  in  nonelastic  resistance  occurred  within  nine  seconds 
after  the  onset  of  breathing  sulfur  dioxide  and  disappeared  rapidly 
following  the  termination  of  exposure.  Noteworthy  is  the  finding  that 
adverse  effects  were  greater  in  those  animals  breathing  through  the 
tracheal  op&ding,  suggesting  the  importance  of  the  nasal  filter  in  de¬ 
creasing  the  detrimental  effects  of  the  gas. 

The  most  recent  and  relevant  animal  study  using  sulfur  dioxide 
was  undertaken  by  Brain  (9).  He  measured  the  uptake  of  varied 
concentrations  of  sulfur  dioxide  in  five  dogs,  using  radioactively 
labled  sulfur  dioxide-35  inspired  through  the  nose  or  mouth  and  re¬ 
moved  from  a  cannula  in  the  trachea  for  analysis.  His  results  show 
that  when  dogs  were  exposed  to  one  part  per  million  of  sulfur  dioxide, 
at  a  flow  rate  of  3.5  liters/minute,  for  five  minutes,  99.9o/o  of  the  gas 
was  removed  by  the  nose.  At  10  parts  per  million  for  five  minutes  99,99o/o 
of  the  gas  was  removed;  at  fifty  parts  per  million  for  5  minutes  99.999o/o 
of  the  gas  was  removed.  He  was  unable  to  explain  the  mechanisms  responsible 
for  the  increased  uptake  as  a  function  of  increased  concentration  of  sulfur 
dioxide,  but  stated  that  perhaps  the  greater  amounts  of  sulfur  dioxide  cause 
increased  mucous  secretion  and  hence  higher  nasal  flow  resistance.  Brain 
then  changed  his  flow  rate  to  35  liters/minute  and  discovered  greater 
penetration  of  the  gas  to  the  respiratory  tree.  Only  96.  8o/o  of  the  sulfur 
dioxide  was  removed  at  one  part  per  million. 
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This  is  actually  a  32 -fold  increase^  in  the  amount  of  gas  presented  to 
the  trachea.  From  this  result  he  concluded  that  exercise,  which 
increases  mouth  breathing,  should  increase  the  penetrance  of  sulfur 
dioxide  to  the  lungs. 

Brain  summarizes  the  research  done  on  the  uptake  of  other  pollutant 
gases  by  the  upper  airway  in  dogs.  As  with  sulfur  dioxide,  ozone  is  almost 
lOOo/o  removed  by  the  upper  airway,  whereas  only  73o/o  of  nitrogen 
oxides  is  removed  at  similar  flow  rates.  Essentially  Oo/o  of  carbon 
monoxide  and  hydrocarbons  is  removed  by  the  nasal  airway  of  dogs. 

Therefore,  Brain  suggests  the  use  of  gases  such  as  sulfur  dioxide  for  test¬ 
ing  purposes  because  it  has  the  least  penetration  to  the  lung  and  correspondingly 
fewer  potential  ill-effects  on  human  subjects.  He  concludes  that  studies 
need  to  be  done  on  the  effects  of  temperature,  postural  change  (since 
investigated  by  Rao  (10)  ),  and  drugs  on  the  nasal  uptake  of  sulfur  dioxide. 

The  effects  of  allergy  or  other  causes  of  nasal  obstruction  to  air  flow  are 
also  suggested  as  possible  helpful  designs  for  future  research. 

Studies  with  Human  Subjects: 

In  undertaking  the  task  of  measuring  nasal  filtration  of  polluting 
gases  in  humans,  sulfur  dioxide  is  usally  chosen  because  of  its  ease 
of  handling  and  mixing  and  its  relatively  minor  dangers  when  breathed 
in  controlled  concentrations. 

Experimental  exposures  of  humans  to  the  oxides  of  sulfur  have 
generally  been  concentrated  on  measuring  pulmonary  function,  sensory 
responses,  determining  taste  and  odor  thresholds,  and  studying  eye 
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irritation  in  very  brief  exposure  intervals*  Sim  and  Pattle  (11)  exposed 
healthy  males  aged  18  to  45  years  to  sulfur  dioxide  in  concentrations  ranging 
from  one  to  eighty  parts  per  million  for  ten  to  sixty  minutes  (mouth  and  nose 
breathing).  With  sulfur  dioxide  dosage  throughout  these  ranges,  little  change 
was  noted  either  clinically  or  in  airway  resistance.  However,  lung  re¬ 
sistance  to  airflow  occasionally  increased  by  more  than  twenty  percent, 
and  these  increases  were  accompanied  by  signs  of  irritation  as  evidenced 
by  ausculatory  indications  of  moist  rales. 

Amdur  et  al  (12)  reported  increases  in  respiratory  and  pulse  rates 
in  fourteen  healthy  men  aged  23  to  58  years  who  were  exposed  for  ten 
minutes  to  low  concentrations  of  sulfur  dioxide  (1  to  8  parts  per  million). 
Lawther  (13)  could  not  confirm  this  in  experiments  with  18  men  aged  21  to  40 
years  who  had  no  history  of  cardiopulmonary  disease.  However,  two  of 
Lawther's  subjects  developed  bronchospasm  when  exposed  to  10  parts  per 
million  of  sulfur  dioxide,  and  it  should  be  noted  that  in  his  experiments 
measurements  of  basal  pulse,  respiration  rates  and  tidal  volumes  in  the 
control  group  were  consistently  higher  than  during  the  period  corresponding 
to  recovery  in  the  exposed  subjects. 

Nadel  et  al  (14)  reported  that  airway  resistance  determined  with  a  body 
plethysmograph  in  persons  exposed  to  2  parts  per  million  and  5  parts  per 
million  of  sulfur  dioxide  for  three  to  ten  minutes  was  increased.  One  in¬ 
dividual  out  of  seven  exposed  to  5  parts  per  million  of  sulfur  dioxide  for 
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ten  minutes  showed  a  marked  increase  in  airway  resistance  which 
was  reversible  with  isoproterenol  inhalation.  This  subject  had  no 
previous  history  of  pulmonary  disease, 

Frank  et  al  (15)  used  a  volume-displacement  body  plethysmograph 
to  study  airway  resistance,  pulmonary  compliance,  tidal  volume, 
respiration  and  pulse  rates  in  11  healthy  volunteers  22  to  56  years  of  age. 

They  observed  increased  airway  resistance  at  5  parts  per  million  but 
not  at  one  part  per  million  during  30  minute  exposures  to  sulfur  dioxide 
via  the  nose.  The  increased  resistance  developed  during  the  first  5  minutes 
and  was  maintained  throughout  the  exposure  period.  There  were  no  consistant 
changes  in  pulmonary  compliance,  tidal  volume,  respiration  or  pulse  rate. 
However,  in  measurements  taken  prior  to  exposure  to  sulfur  dioxide 
respiration  rate  averaged  20  breaths  per  minute,  pulse  rate  averaged  84 
and  the  tidal  volume  averaged  680  ml,  thus  raising  the  question  again  as 
to  whether  the  subjects  were  in  true  basal  conditions  when  tested, 

Wright  (16)  observed  no  changes  in  airway  resistance,  maximum  and 
minimum  mid-expiratory  flow  rates,  maximum  breathing  capacity  and 
timed  vital  capacity  in  normal  subjects  20  minutes  after  exposure  to  sulfur 
dioxide  (2.5  to  23  parts  per  million). 

Cralley  (17)  had  human  volunteers  breathe  10  to  55  parts  per  million 
of  sulfur  dioxide  for  thirty  minutes  and  sixty  minutes.  He  then  measured 
the  effects  on  the  rate  of  removal  of  mucous  from  the  upper  respiratory 
tract,  finding  that  the  rate  of  removal  at  10  to  15  parts  per  million  of  sulfur 
dioxide  was  reduced  up  to  15  o/o.  How  the  rate  of  removal  of  mucous  from 
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the  upper  respiratory  tract  is  affected  by  sulfur  dioxide  concentrations 
below  10  parts  per  million  or  by  longer  than  one  hour  was  not  determined. 
Nevertheless,  the  author  postulated  that  exposure  to  small  amounts  of 
irritant  gases  for  long  periods  of  time  may  lead  to  chronic  irritation  of 
the  mucosa,  which  could  affect  ciliary  activity. 


Studies  on  Nasal  Airway  Resistance: 

Most  experimental  designs  measure  nasal  airway  resistance  from  a 
pressure  versus  flow  model,  using  Ohm's  Law  (I-ER;  R-I/E  *  pres  sure/flow) , 
from  which  a  resistance  value  ip  centimeters  of  water  per  liter  is  that  of 
Ingelstedt,  Jonson  and  Rundcrantz,  who  state, 

Quantitative  deteriminations  of  nasal  airway  resistance 
(Rn)  must  be  made  at  specified  flow  rates- (V)  through  the 
nose.  The  most  reliable  method  to  determine  Rn  is  when 

o 

V  and  the  pressure  drop  across  the  nose  (Pn)  are  recorded 
spontaneously  during  spontaneous  breathing.  Ten  healthy 
persons  and  a  number  of  rhinitic  patients  were  examined  using  a 
tra^ducer-recording  system.  This  new  method  gave  information 
on  abnormalities  in  nasal  diseases  when  other  methods  do 
not.  (18) 

Their  resulting  nasal  resistances  (inspiratory  and  expiratory  resistances 
approximated  each  other)  among  normals  were  1.39  ^  0.40  centimers  water/ 
liter/second.  These  resistance  levels  are  lower  than  those  found  by  Frank 
and  Speizer  (19),  who  reported  inspiratory  resistance  varying  in  inspiration 
(2.30)  versus  expiration  (2.98  centimeters  water/liter/second)  but  who  did 
not  use  a  specific  flow  rate  through  the  nasal  cavities.  Both  studies  had 
subjects  breathing  air  purely  through  the  nose  with  transducers  measuring 
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the  pressure  drop  across  the  nose.  It  was  Ingelstedt  et  al  who 
first  suggested  using  this  method  routinely  to  test  each  nasal  cavity 
as  well  as  the  nose  as  a  whole. 

Ozenberger  and  Principato  (20)  have  used  this  technique  of 
Ingelstedt  to  observe  cyclical  changes  in  nasal  resistance  in  normal 
subjects.  The  typical  patient  has  patterns  of  increasing  and  then 
decreasing  nasal  resistance  (Rn)  over  time  (often  approximating 
two  hour  intervals),  a  phenomenon  which  should  be  considered  when 
gathering  a  sample  universe  of  human  subjects  for  a  research  project 


in  this  field. 
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Hypotheses  and  Concepts: 

It  is  with  the  questions  posed  by  Brain  concerning  the  effects  of 
allergy  or  other  obstructive  nasal  illnesses,  combined  with  the  methods 
of  Ingelstedt  for  measuring  precisely  nasal  airway  resistance  in  normal 
and  obstructed  individuals  that  the  following  hypotheses  are  generated: 


l.  There  is  n  significant  difference  in  nasal  filtration  of 
of  sulfur  dioxide  between  normal  human  subjects  and  those  with 
obstruction  due  to  chronic  rhinitis  and/or  common  "colds",  with 
normals  filtering  out  more  sulfur  dioxide  (at  a  concentration  of  10 
parts  per  million)  than  the  obstructed  group. 

IT.  Human  subjects  with  chronic  rhinitis  filter  less 
sulfur  dioxide  via  the  nasal  "sink”  than  do  subjects  with  common 
colds. 


III.  There  is  no  significant  difference  in  the  changes  in 
nasal  airway  resistance  after  testing  with  sulfur  dioxide  in 
both  groups,  (normal  versus  obstructed) 

IV.  There  is  no  significant  difference  in  the  amount  of 
sulfur  dioxide  filtered  by  the  nose  in  male  versus  female  subjects 
with  colds  or  chronic  rhinitis. 
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Chapter  two:  Research  Procedures 

a)  Sample: 

The  subjects  for  this  research  project  were  selected  from  the 
Yale  University  and  New  Haven  communities.  All  individuals  com¬ 
prising  the  Normal  group  were  selected  randomly  by  obtaining  names 
and  addresses  of  potential  members  from  the  Associate  Dean  of  the 
medical  school  and  from  the  New  Haven  Phone  Directory. 

A  random  sample  of  the  universe  was  accomplished  by  selecting 
every  second  name  from  available  lists  of  names.  Thus,  whan  the 
sample  was  finally  constructed,  17  of  34  available  sujbects  were  used 
for  this  study.  Subjects  were  contacted  by  telephone  and  also  by 
bulletins  posted  in  strategic  locations  such  as  mail  rooms  and  apartme  nt 
buildings.  Of  the  initial  group,  three  individuals  could  not  participate 
in  the  study  at  the  time  designated  for  examination.  Therefore,  three 
additional  random  Normals  were  selected. 

The  sample  of  subjects  with  colds  or  chronic  rhinitis  was  gathered 
by  interviewing  forty-three  potential  participants  and  obtaining  a  complete 
medical  history  from  them.  Those  who  appeared  by  history  and  by  later 
physical  examination  of  the  nose  to  have  obstruction  from  common  colds 
or  from  chronic  obstructive  rhinitis  (either  nonspecific,  allergic  or 
secondary  to  chronic  use  oftiasal  sprays)  were  placed  on  a  list  from  which 
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fifteen  subjects  were  chosen.  These  subjects  were  selected  primarily 
because  of  appointrre  nt  availability  to  the  examiner.  There  was  no  attempt 
to  group  common  colds  separately  from  chronic  rhinitis  due  to  the  short 
period  of  time  that  the  equipment  would  be  made  available  for  testing 
purposes. 

It  was  important,  as  the  selection  of  subjects  was  undertaken,  that 
there  were  three  distinct  types  of  individuals  to  be  withdrawn  from  con¬ 
sideration  from  this  research  project. 

1.  All  those  people  with  a  history  of  cardiac 
disease  were  excluded.  This  included  heart 
murmurs,  vascular  abnormalities ,  diabeties 
and  previous  cardiovascular  surgery. 

2.  All  those  people  with  a  history  of  hyper¬ 

tension  were  excluded.  Patients  with  a 
diastolic  pressure  of  or  higher 

were  excluded. 

3.  All  those  people  with  a  history  of  cryo¬ 
surgery  in  the  nose  were  excluded  and 
were  grouped  for  another  project  involving 
nasal  filtration  in  pre-  and  post-  cryosurgery 
patients. 
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b)  Basic  Design: 

1.  Equipment- 

Ohm’s  Law  states  the  E  =  IR.  In  other  words,  Resistance  as  it 
occurs  in  an  electrical  field  or  any  other  model  is  equial  to  the  ratio 
of  volts  to  amperes,  or  as  this3tudy  will  depict,  pressure  to  flow.  Thus, 

R  =  E/I  =  P./V  ^  Rnasal  (21).  Similarly,  Rtotal  -  Rl  +  R2/RlR2- 

Accordingly,  this  pressure-flow  relationship  may  be  measured  by 
the  method  of  Ingelstedt  (22)  et  al  on  an  oscilloscope,  with  the  pressure 
the  abscissa  and  the  flow  the  ordinate.  Transducers  for  pressure  and  flow 
are  connected  to  a  breathing  mask  as  part  of  this  design.  Combined  with 
recording  equipment,  gas  flow  and  pressure  may  constantly  be  monitored. 


<r 


x 

-THV-\-vvy -  pressure  in  cm,  H2O 

icm. 


flow  in  liters/second 

This  study  used  a  constant  flow  calibration  for  measurement  at  0.33  liters/ 
second  which  was  measured  12  mm.  up  the  ordinate.  Thus  18  mm.  represented 
0.5  liters/second  on  this  scale.  Flow  rates  were  allowed  to  vary  depending  on 
the  capacities  of  the  subjects.  Trans-nasal  pressure  drops  were  measured  on 
the  abscissa.  Each  major  division  on  the  abscissa  represented  1  cm.  of  water 
pressure.  Allowing  pressure  and  flow  to  vary  as  did  Ingelstedt,  it  is  possible  to 
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project  an  S-shaped  curve  on  an  oscilloscope  with  each  inspiration 
and  expiration  of  the  subjects . 

A  nasal  resistance  Rn  may  be  calculated  by  drawing  a  tangent  to 
the  curve  produced  on  the  oscilloscope  atfhe  12  millimeter  line  and 
calculating  the  P at  that  point.  Resistance  is  thus  measured  in 
centimeters  of  water  per  liter  per  second  (see  Appendix  A).  An 
illustrative  example  of  the  method  for  determing  nasal  resistance 
is  shown  below. 


o 

Here,  resistance  is  P/V  -  0.20  cm.  ^0/0.33  liters/second, 
which  becomes  0.60  cm.  H20/liter/second,  Conversion  of 
angles  subtended  by  tangents  to  resistance  levels  is  shown  in 
Appendix  A. 

Both  inspiratory  and  expiratory  resistance  can  be  measured  on  any 
one  photograph.  Since  Ingelstedt  has  shown  these  two  resistances  to 
approximate  each  other,  only  expiratory  resistance  is  used  herein. 


I 


TESTING  EQUIPMENT 


> 
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Thus  only  the  upper  half  of  each  graph  is  employed  for  calculation. 

A  plexi-glass  mining  chamber  was  specially  constructed  to  meet 
the  requirements  for  diluting  1%  anhydrous  sulfur  dioxide  to  the  leve 
of  concentration  desired.  Ten  parts  per  million  was  chosen  because  o 
its  safety  in  short  exposures  to  humans  and  its  ease  of  measurement  o 
sulfur  dioxide  analyzer /recorder .  A  micro-flow  valve  was  attached 
to  the  tank  of  sulfur  dioxide  (see  page  15)  and  approximately  0  cc./n 
was  nixed  with  3  liters  of  compressed  air/minute  until  a  tracing  on  t 
sulfur  dioxide  analyzer /recorder  showed  a  constant  mix  of  gas  at  10 
parts  per  million.  This  procedure  was  repeated  during  each  testing  d 
•to  assure  reliability  of  controlled  environment -for  all  subjects. 

After  initial  mixing,  the  sulfur  dioxide  analyzer /recorder  was 
attached  by  a  one  ran.  diameter  polyethylene  tubing  to  a  breathing 
mask  containing  a  Pneumotach  Screen  with  pressure  and  flow  inlets 
provided,  because  of  this  arrangement,  dead  space  was  virtually 
eliminated  ar.d  a  constant  sample  of  gas  could  be  siphoned  by  the  reach 
for  gas  sampling.  This  effectively  measured  the  concentration  of 
gas  in  the  posterior  oropharynx  and,  therefore,  the  amount  of  sulfur 
dioxide  that  was  not  filtered  by  the  nose.  Finally,  all  tubing  was 
cleaned  daily  to  prevent  condensation  and  contamination. 

2,  Procedure. 

Each  subject  was  asked  to  breathe  into  a  specially  designed 
Emerson  mask  with  the  mouth  blocked  off  by  having  him  place  his: lies 
around  the  tube  (as  shown  in  diagram  on  p.  15).  First,  nasal  airway 
was  determined  by  having  the  sub i ect  breathe  room  air  norm. 


esistance 
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for  five  minutes  until  a  good  3-shaped  curve  appeared  on  the 
oscilloscope.  A  Polaroid  photograph  such  as  the  one  on  page 
14  was  then  taken  and  labeled  ’’Resistance  Before  Gas  exposure". 

The  mining  chamber  containing  pre-neasured  sulfur  dioxide  (10  p?l') 
was  then  connected  to  the  inlet  of  the  mas!:,  using  an  anesthesia 
non-rebreathing  valve  to  eliminate  carbon  dioxide  retention.  The 
subject  was  then  instructed  to  breathe  this  gas  mixture  for  five  to 
ten  minutes  while  the  SO?  analyzer /recorder  measured  the  concentration 
of  the  gas  in  the  posterior  oropharynx.  From  the  printed  slope  as 
measured  by  the  recorder,  the  net  percentage  of  filtration  of  gas  by 
the  nose  was  determined  (the  concentration  of  gas  in  the  posterior 
oropharynx  was  subtracted  from  10  ??!!).  Thus,  if  a  subject  was  measured 
at  a  constant  0.1  PPM  in  his  posterior  oropharynx,  this  meant  that  the 
nose  had  filtered  out  9.9  parts  per  million,  resulting  in  a  net  99.0% 
filtration  of  sulfur  dioxide  by  the  nose. 

After  each  exposure  to  gas,  exhaust  fans  were  turned  on  to  remove 

v 

ambient  gases  and  prevent  accumulation  of  sulfur  dioxide  in  the  testing 
laboratory.  After  this,  a  second  measurement  of  nasal  airway  resistance 
was  determined  as  before  for  comparative  purposes.  These  resistance 
measurements  were  labeled  "Resistance  after  Gas  Exposure". 

At  the  conclusion  of  the  testing  period,  subjects  were  usually 
sent  home.  However,  in  two  cases  of  people  with  chronic  rhinitis 
doe.  to  year-round  allergies,  a  nasal  shrinking  agent,  2%  ephedrine, 
was  sprayed  in  bota  nostrils  and  a  second  determination  of  gas  filtratio 
undertaken.  These  individuals  had  been  diagnosed  as  choronic  allergic 
rhinitis  by  the  use  of  nasal  smears  which  revealed  moderate  to  numerous 
eosinophils . 
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The  sulfur  dioxide  analyzer /recorder  was  1'odel  65-3,  produced 
by  Scientific  Industries  Inc.,  and  was  highly  suited  to  the  research 
design  because  of  its  compact  size.  This  allowed  it  to  be  relatively 
hidden  from  the  subject  So  as  to  not  alarm  him  and  disturb  any  breathing 
patterns.  This  was  hoped  to  prevent  vasomotor  nasal  changes  during  testin 
The  principal  component  heart  of  the  analyzer /recorder  is  an  all 
glass  detecting  cell  in  which  a  gas  sample  is  drawn  through  a  jet 
orifice  situated  just  above  a  reagent  liquid  (consisting  of  1  cc.  307.  K9G? 
1  cc.  0.01  Normal  sulfuric  acid  +  1  liter  distilled  water)  and  is  thus 
impelled  onto  the  reagent  causing  a  samll  depression  on  the  liquid  surface 
around  which  cavection  currents  are  set  up.  Because  of  this  action  the  SOo 
is  quantitatively  absorbed  by  the  reagent  and  oxidized  to  sulfuric  acid 
causing  an$  increase  in  electrical  conductivity  of  the  reagent.  The 
increase  is  then  detected  by  electrodes  and  fed  to  the  recorder,  which 
measures  gas  for  five  to  ten  minutes.  Our  design  employed  the  recorder 
in  Range  4  (high'  concentrations)  for  mixing  and  Ranges  1-3  for  measuring 
gas  :iltration  (23). 


Following,  are  some  sample  tracings  from  the  analyzer /recorder  whic: 
illustrate  precisely  the  way  gas  concentration  'was  determined. 


m 


Range  1  in  5  minutes.  Therefore,  the  constant 
concentration  of  sulfur  dioxide  at  the  sam-line 


cuoe  wai 


n  r 
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Similarly , 


Mr.  J.  M.  0.  achieved  full  deflection  of 
slope  in  range  1  in  4  minutes,  50  seconds. 

Thus  the  concentration  of  S07  at  the  sampling 
tube  in  his  posterior  oropharynz  was  0.07  PPM. 


tr.  ff'-  o- 


( O.oq  ppm} 


S0°)o 
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Chapter  three:  Results 

.  Part  one:  Discussion 

Before  entering  into  the  results  of  the  statistical  analysis 

of  the  four  major  hypotheses,  it  is  helpful  to  explain  how  the 

task  of  collation  of  raw  data  was  undertaken.  Each  subject  was 

given  a  number  coded  from  one  to  thirty-two.  The  results  of 

testing  were  then  written  on  a  card  containing  this  code  number 

and  were  placed  in  either  the  normal  group  or  the  chronic  rhiniti 

"2. 

cold  group. 

On  the  following  two  pages  the  coded  raw  data  and  preliminar 
results  of  testing  arc  revealed. 
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#13-22  are  subjects  with  acute  URI  (colds);  all  others  have  chronic  obstructive  rhinitp. 
Note :  N  =  Negro 
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A  series  of  statistical  tables  has  been  employed  to  determine 
the  relative  validity  of  each  of  the  four  hypotheses.  The  first 
of  these  sought  to  compare  the  effi.cicr.cy  of  nasal  filtration  of 
sulfur  dioxide  (10  PPIl)  by  the  Normal  group  and  by  the  Obstructed 
group.  A  level  of  907.  filtration  mas  established  as  the  minimum 
baseline  for  efficient  nasal  filtration  as  proposed  by  3a 1 chum  (24) 
and  Frank  (25).  host  of  the  Normal  group-  appeared  to  filter  greater 
than  937.  of  the  gas  exposed  to  them  for  the  five  to  ten  minute  period 
The  actual  percentage  was  007..  Only  one  of  the  Obstructed  group 
could  filter  so  efficiently.  There  seemed  to  be  no  relationship 
between  the  efficiency  of  filtration  and  the  degree  to  which  the 
odor  of  the  gas  was  detected.  Virtually  all  (30  of  the  32  subjects) 
detected  a  faintly  pungent  odor,  but  only  three  of  these  subjects 
suffered  from  rhinorrhea  or  headaches.  Two  of  these  were  chronic 
rhinitis  subjects  and  the  other  was  a  normal. 

Desp:ite  the  relative  equal  awareness  of  the  sulfur  dioxide  in 
the  breathing  mask,  Table  Al  shows  that  Hypothesis  I  was  supported. 
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Table  Al 


The 


Relationship  of  Ob 
the  filtration 


structed  versus  Normal  noses 
of  sulfur  dionide  (lOPFil) 


in 


Normal  Obstructed 


Null  Hypothesis:  Normal  and  obstructed  subjects  filter  the  same  amount 


of  sulfur  dionide  (10  Pull)- by  the  nose. 


PC  .001 


Confidence  limit=(  «00i  . .  —  ai.aO  d_— 1 

Therefore  me  reject  the  Null  Hypothesis. 

Since  the  direction  of  the  relationship  was  preaj.Ci.ed  in  tue  ^ 
hypothesis  it  is  necessary  to  halve  the  significance  level  from  0.001 
to  0.0005.  This  level  is  not  given  j,n  tables  but  can  be  the  norma 


table.  The 
which  gives 


■are  root  of  10.027  (h“  with  1  degree  of 


:c 


?.dom)  is  2 


_  /.  o  q  /. 


,  .  .  1  -t 

ince  tne  ootaineo  value  r  or  ..  v--  • 


.t  on 


1  *7  m 


one  time  in 


than  this  value  of  4.994  we  can  say  th< 
observed  and  eupectod  frequencies  differ  by  such  an  amou.nl 


thouso.no  w: 
-s  to  yield 


'renter  than  or  equal  to  If  .  m/  i_  no  relationsnip  ,  ano  grocitei.  L..^n  o_ 


eoual  to  4,994  if  there,  is  a  relationship 

nr,-, 


.cs: 


Therefore,  the  Null  Up 
above  can  be  rejected  at  tne  .001  level  witn  direction. 

Due  to  the  relatively  1 outnumbers  in  each  category,  correction  ror 
continuity 


migninc, 


with  a  resulting  _-w  or  16.43  is  odr^t-neG, 
at  the  .001  level. 


.eg 


:>o  is 


.9  g, 


The  newt  table  was  used  as  a  means  of  describing  the  relationship 

which  is  outlined  in  Hypothesis  II.  Subjects  in  both  the  cold  and 

chronic  rhinitis  categories  were  tested  using  Chi  square  analysis 

with  a  baseline  of  90 %  filtration  of  sulfur  diowide  by  the  nose.  This 

s 

was  used  as  the  level  below  which  most  nasal  resistances  seemed  to  be 
quite  high  (indicating  moderate  to  severe  obstruction)  prior  to  testing. 
Four  of  the  five  colds  subjects  filtered  in  excess  of  90%  of  the  sulfur 
diowide,  whereas  five  of  ten  subjects  with  chronic  rhinitis  filtered 
over  90%. 

However,  with  the  correction  for  continuity  which  is  required 
for  statistically  evaluating  relatively  small  numbers  in  a  Chi  square- 
test,  the  hypothesis  was  not  upheld  and  therefore  was  rejected.  Table  / 
A2  illustrates  the  results  of  statistical  analysis. 

Table  a2 

Relationship  of  colds  and  chronic  rhinitis  to  the 
percentage  of  gas  filtered  by  the  nose  (with  correction 
for  continuity) 


Hull  Hypothesis;  There  is  no  difference  in  the  percentage  of  CO. 

filtered  by  the  nose  in  the  colds  versus  chronic 
rhinitis  groun. 


,or. i  ic once  l -.it : 


<* 


bine; 


1  r.  c  - 


the  Hull  Ilv^oi 


than  h.-:oj  at  tne  U.Qi>  level,  we 


cannot  reject 


OO-l  o 
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Table  A3  v:as  constructed  to  analyze  Hypothesis  III,  which 
states  that  there  is  no  significant  difference  between  the  normal 
and  obstructed  groups  in  the  nasal  airway  resistances  changes  after 
testing  with  sulfur  diowide.  In  order  to  more  carefully  delimit 
the  possible  changes  in  nasal  airway  resistance,  three  categories 
were  used.  A  subject's  resistance  after  testing  was  listed  as 
increasing,  decreasing  or  staying  constant.  Again,  correction 
for  continuity  was  employed  as  an  effective  and  more  accurate  means 
of  using  Chi  Square  analysis  with  small  numbers.  Statistical  analysis 
then  showed  that  no  signficiant  relationshir  ewisted  between  the  two 
groups  and  nasal  resistance  changes.  Therefore,  the  Hull  hypothesis 

\ 

could  not  be  rejected  and,  hence,  Hypothesis  III,  was  supported. 

Table  A3  on  page  27  refers  to  the  above  hypothesis  under 
discussion. 
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Table  A3 


The  Relationship  o'  all  patients 
in  Nasal  hi  may  Resistance  after 
10  ?ri!  of  sulfur  dionide  for  ten 
for  continuity) 


to  the  change 
exposure  to 
ninutes  (correction 


Normal 

Obstructed 

Resistance 

10 

9 

19 

increased 

(10.1) 

(0.9) 

Resistance 

3 

2 

5 

remains  con¬ 
stant 

(2.7) 

(2.3) 

Resistance 

4 

4 

o 

G 

decreased 

(4.2) 

(3.0) 

17 

15 

32 

( 


Null  Hypothesis: 


Cl=  0.5 


Tli ere  is  no  significant  difference  in  nasal  aim- 
resistance  changes  after  exposure  to  SCu  at  10  ? 
for  5-10  minutes  by  nose. 


df=2 


P  <  0.99 


2  2 

Since  X  =  0.30  is  less  than  the  X  of  1.306  at  the  O.S"  level,  we 
therefore  cannot  reject  the  Hull  Hypothesis. 


►<j  f.i 


-  r'  °  .. 


Table  A4  has  a  similar  purpose  to  the  hypothesis  heretofore 
(p.26)  discussed.  However,  instead  of  corn  aring  chronic  and  acute 
nasal  obstruction  to  normal  noses.  Hypothesis  IV  compares  the  male 
subjects  to  females  in  their  ability  to  filter  sulfur  dioride.  Both 
groups  are  o'-structed  and  have  elevated  nasal  airway  resistances.  Again, 
a  filtration  level  of  90%,  of  sulfur  dioride  is  considered  as  the 
minimum  baseline  for  relative  efficiency  of  the  nose.  Si::  of  eight 
males  (75%)  were  able  to  surpass  tnisstandard  of  efficiency.  Three 
of  seven  females  (43%)  achieved  the  same  level.  Chi  Square  analysis 
showed  no  significant  variation  in  the  two  groups,  thus  requiring  the 
acceptance  of  the  Null  Hypothesis  and,  therefore.  Hypothesis  IV. 

j.  ab  1  e  a  4 

?,elationship  of  obstructed  males  to  obstructed 
females  in  the  filtration  of  30,,  by  the  nose. 

(correction  for  continuity) 
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ISIS. 


df  »  1 


0.20 


value  of  3.341 


e  acce~ t 


less  than  the  0.05 
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Part  Tito:  Conclusions 

It  no-7  becomes  feasible  to  make  a  number  of  concrete  conclusions 
concerning  each  of  the  four  hypotheses  as  veil  as  general  comments 
on  the  research  model  itself* 


iledical  and  Physiological  literature  has  indicated  that  many 
urban  and  industrial  environments  tend  to  produce  problems  in  the 
normal  efficient  filtration  of  air  pollutants  by  the  nose.  This  is 
suggested  to  be  due  to  an  overloamd  in  the  atmosphere  of  sulfur  diouide, 
nitrogen  oniaes,  carbon  mono:; id e  and  hydrocarbons.  Furthermore,  obstructive 
nasal  disease  is  often  a  primary  reason  for  physicians  to  recommend 
that  their  patients  move  from  urban  areas  to  less  polluted  locales 

i 

if  possible.  By  our  research  model,  the  following  conclusions  on 
the  effects  of  nasal  airway  resistance  on  sulfur  diorride  uptake  by 
the  nose  may  be  drawn. 


1.  The  first  finding  is  that  there  is  a  significant  difference 
in  nasal  filtration  of  sulfur  diouide  between  normal,  non-obstructed 
subjects  and  those  with  nasal  airway  obstruction  (determined  by 
measuring  nasal  airway  resistance).  Subjects  with  chronic  rhinitis 
or  common  colds  tend  to  filter  out  lower  proportions  eof  gas  via  the 
nasal  ’'sink11  than  do  normal  individuals.  Hence,  relatively  larger 
concentrations  oi  sulfur  dionide  are  allowed  to  pass  to  the  posterior 
oropharynx  in  obstructed  subjects  with  each  inspiration.  Less  is 
allowed  by  normals.  This  has  its  medical  implications  when  considering 
the  possibility  that  respiratory  diseases,  particularly  acute  bronchitis 
asthma  and  chronic  bronchitis,  have  their  incidence  increased  by  the 
atmospheric  pollution.  Situations  in  London  and  Los  Angeles  appear 
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to  illustrate  this.  Ou r  study  has  objectively  sho-.m  the  pre¬ 
disposition  of  chronically  or  acutely  obstructed  patients  to 
further  damage  to  the  respiratory  tree  via  poor  nasal  filtration 
of  sulfur  dioxide.  Varied  turbulence  of  inspired  air  in  patients 
with  elevated  nasal  airway  resistance  would  seem  to  play  a  role 
in  the  humidification  and  deposition  of  a  gas.  In  addition,  the 
relative  loss  of  efficiency  in  the  nasal  ’’sink"  is  most  probably 
due  to  mucosal  edema  and  inflammation  which  results  in  dysfunction  of 
varying  degrees.  Both  of  the  above  statements  go  beyond  the  design  of 
this  research  but  could  easily  be  investigated  by  nasal  smears  and 
biopsies  observe  pathology  and  intra-nasal  catheters  to  measure 
turbulence, 

2.  The  second  hypothesis  was  proven  not  to  be  valid.  Though 
there  is  a  difference  in  the  mean  percentage  filtration  of  colds 
subjects  (92 , 7%  sulfur  dioxide  filtered  at  10  PPH)  when  compared  to 
chronic  rhinitis  subjects  (90.7%  sulfur  dioride  filtered  at  10  PPlf), 
this  was  not  proven  to  be  a  significant  difference.  Appendix  B  lists 
these  statistics.  Thus  one  may  conclude  that  although  colds  and  chronic 
rhinitis  are  a  source  of  significant  decrease  in  nasal  filtration  of 
sulfur  dio.uide,  they  do  not  differ  between  themselves  significantly  in 
effectiveness  of  filtration.  One  might  expect  that  the  chronicity  of 
rhinitis  subjects  would  result  in  more  permanent  damage  to  turbinates 
and  mucosa  than  does  a  minor  upper  respiratory  infection,  but  evidence 
for  this  cannot  be  produced  in  this  study. 

There  was  no  distinct  difference,  as  is  noted  in  Appendix  E,  in 
the  nasal  airway  resistances  of  cold  and  chronic  rhinitis  subjects 
before  testing,  perhaps  indicating  the  importance  of  the  relative 


obstructior 


the  obstruction  in 


i  rather  than  the  source  of 
nasal  filtration. 


3.  Hypothesis  III  was  upheld  because  no  significant  difference 
could  be  observed  in  the  changes  in  nasal  airway  resistance  after  testing 
between  normal  and  obstructed  groups.  Despite  the  high  confidence 
level  used  in  the  Chi  Square  analysis  (due  to  similar  levels  used 
by  Ingelstedt  et  al)  a  nearly  1007.  probability  of  equal  occurrence  of 
resistance  changes  between  these  groups  was  ascertained.  Therefore, 
no  group  predisposition  or  susceptibility  to  further  obstruction  enists 
from  breathing  the  gas  for  five  to  ten  minute  periods.  This,  of  course, 
does  not  rule  out  any  susceptibility  to  respiratory  disease  in  the  obstruct¬ 
ed  group,  which  already  has  been  discussed. 


4.  The  final  hypothesis  was  also  upheld  by  the  use  of  Chi  Square 
analysis  with  correction  for  continuity.  Hale  noses  had  no  significant 
difference  in  filtration  from  female  noses,  both  sub-groups  being  members 
of  the  colds-chronic  rhinitis  group.  This  does  not  preclude  possible 
variations  in  age,  race  or  occupation.  These  relationships  were  not 
;VSe  to  be  investigated  due  to  insufficient  numbers  in  the  sample.  However, 
selection  of  some  of  these  sub-groups,  including  two  children  aged 
fourteen  and  fifteen  and  two  Negroes  produced  results  approximately  in 
proportion  to  the  remaining  eleven  members  of  the  colds-chronic  rhinitis 
group.  Similarly,  two  Negroes  in  the  normal  group  exhibited  nasal  filtration 
values  of  S3.iT,,  exactly  the  same  as  the  mean  of  the  remaining  fifteen  member: 
of  the  nr our . 


One  final  conclusion  nay  be  suggested  from  this  research. 

As  v;as  previously  stated,  tv.'o  patients  in  the  chronic  rhinitis  category 
were  sprayed  with  37,  ephedrine  after  their  initial  exposure  to  the  sulfur 
diouide  nirture.  They  did  this  voluntarily,  submitting  then  to  another 
5-10  minute  exposure  to  the  gas.  The  nasal  shrinking  agent  did  not 
affect  the  degree  of  nasal  filtration,  one  person  increasing  from  GO. 07,  to 
G 9 . 07,  filtration,  while  the  other  decreased  from  SB. 07,  to  37.5%.  Hence, 
the  chronicity  of  the  obstruction,  at  least  in  these  individuals,  had 
a  larger  role  in  the  efficiency  of  nasal  airway  filtration  than  did 
actual  nasal  resistance  (or  the  "therapy"  itself).  It  appears  that 
elevated  nasal  airway  resistance  alone  does  not  impair  nasal 
filtration. 


i 
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manter  Four: 


Summary 


The  general  problem  for  this  research  deals  with  the  degree 
of  effective  nasal  filtration  of  sulfur  dio aide  in  normal  and  nasally 
obstructed  individuals.  The  extent  to  which  people  with  colds  or 
chronic  rhinitis  filtered  a  are-monitored  level  of  sulfur  dioxide 
needed  to  be  investigated  and  compared  with  individuals  without 
obstructive  criteria. 


We  sought  to  measure  these  differences  in  the  relative  levels 

of  filtration  and  nasal  airway  resistances  by  using  a  volunteer 

population,  randomly  selected,  eliminating  any  individuals  who 

might  be  subject  to  medical  complications  by  the  testing  apparatus. 

The  equipment  contained  a  mixing  chamber  for  sulfur  dioxide  and 

compressed  air,  a  nasal  breathing  mask  with  Fneunotach  screen,  an  oral 

tube  and  two  differential  transducers  to  measure  and  project  pressure 

and  flow  simultaneously  on  an  oscilloscope,  and  air  sampling  tubing. 

( 

The  mask  was  connected  to  a  gas  analyzer,  allowing  the  examiner  to 
measure  the  concentration  of  gas  as  it  passed  through  the  subject's 
nose  to  the  posterior  oropharynx.  From  the  experimental  results,  the 
following  findings  and  conclusions  were  generated. 

There  is  a  signficiant  difference  in  the  degree  of  sulfur  dioxide 
filtered  by  the  nose  between  normal  sujbects  and  those  with  obstruction 
due  to  chronic  rhinitis  or  colds.  The  latter  group  filters  .significantly 

■si 

less  of  this  gas. 


oy 


No  difference  in  the  degree  of  nasal  filtration  of  sulfur  dioxide 
the  chronic  rhinitis  group  verus  the  colds  group  could  be  demons!  re. he-g 
No  disparity  in  the  changes  in  nasal  airway  resistance  after  testing 


could  be  found  between  the  two  major  groups.  In  addition, 
no  difference  in  efficiency  related  to  the  subjects’  se:;  could  be 
ascertained.  In  all,  the  major  determing  factors  in  poor  filtratio: 
would  se-em  to  be  elevated  nasal  airway  resistance  and 
the  chronicity  of  the  resulting  nasal  obstruction. 


Chapter  Five: 
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Ilethodological  Evaluation  of  Project  and 
Recommendations  for  Further  Study 

There  are  a  number  of  potential  improvements  in  equipment, 
testing  environment,  and  the  selection  of  human  subjects  that  might 
be  utilised  to  make  future  studies  more  reliable  and  useful. 

The  apparatus  had  to  be  thoroughly  cleaned  before  each  testing 
day  in  order  to  prevent  humidification  of  the  Pneumotach  screen  and 
to  avoid  the  accumulation  of  saliva  which  could  clog  the  sampling 
tubing.  A  heated  screen  and  tubing  would  go  a  long  way  toward  eliminating 
these  troubles.  One  patient  who  salivated  excessively  had  to  be 


carefully  instructed  to 

inform 

the  examiner  whenever 

he  tho- 

sght 

saliva  might  be  leaking 

into  th 

e  mouthpiece.  Heated 

tubing 

would 

insure  careful  analysis 

of  the 

gas  mixture. 

i 

Oving  to  its  great  cost,  a  special  non-corrosive  flow  valve 
for  the  tank  of  anhydrous  sulfur  dioxide  was  not  employed. 

Nevertheless,  with  the  precision  necessary  for  precise  monitoring  of 
a  pure  and  corrosive  gas,  the  better  valve  could  have  been  an  assist  in 
assuring  validity  for  concentration  measurements.  If  utilised,  one 
could  safely  assume  that  the  proper  amount  of  sulfur  dioxide,  even 
at  minute  flow  levels,  was  entering  the  muring  chamber  in  as  pure  a  for: 
as  possible. 

The  environment  for  nasal  filtration  needs  precise  control  for  ■ 
s lancer di nation  01  results.  Temperature  should  be  kept  at  a  constant 
68-70  degrees.  This,  unfortunately,  could  not  be  done  in  this  study 
because  o_'  txe  multi-purpose  use  or  the  laboratory.  Carueting  should 
be  an  integral  part  of  future  research  in  this  area,  for  it  is  useful 
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in  damping  vibrations  which  can  effect  the  calibrations  and 
positions  of  the  transducers. 

Hu  sic  of  a  non-stimulating  variety  should  be  used  where 
possible  to  reia::  subjects  and  assisT  them  in  remaining  at  ease  through¬ 
out  the  instruction  period  preceding  each  test  as  well  as  the  testing 
itself.  The  ultimate  in  controlled  environment  would  employ  soft 
music  and  a  completely  concealed  apparatus  other  than  the  breathing 
mask  to  insure  relaxation  on  the  part  of  subjects  and  to  prevent 
stress-induced  nasal  changes  which  interferes  with  testing. 

Sampling  of  subjects  obviously  should  include  more  variety  and 
additional  numbers.  The  greater  the  number  in  any  universe,  the  greater 
the  validity  of  the  statistical  analysis.  Children  under  the  age  of  10, 
men  and  women  over  the  age  of  seventy,  more  Negroes,  Orientals,  pregnant 
women  and  entire  families  are  just  some  of  the  possibilities  for 
expansion  of  the  sample. 

There  should  be  an  opportunity  in  the  future  to  use  this  research 
design  in  testing  pre-operative  and  post-operative  cryosurgical  patient 
as  well  as  deviated  septum  repairs,  turbinectomies,  rhinoplasty,  and  oth 
forms  of  nasal  surgery.  The  extent  of  improvement  in  nasal  filtration 
of  gases  such  as  sulfur  dioxide  night  then  be  employed  as  a  means  of 
evaluating  the  success  or  failure  of  such  forms  of  surgery  in  improving 
nasal  functions  for  patients. 

Retesting  at  predetermined  time  intervals  for  any  of  the  sannle 
groups  suggested  above  might  be  of  assistance  to  the  clinician  who  seeks 
to  follow  the  progession  of  a  problem.  Hence,  a  potential  cryosurgical 
could  be  followed  by  nasal  filtration  testing  until  his  level  of  filtrat 
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fell  below  a  previously  determined  critical  level.  It  night 
then  be  desirable  to  intervene  surgically  and  look  for  improvement 
with  postoperative  testing.  Ultimately,  this  type  of  testing  could 
become  a  clinical  tool  to  be  used  in  addition  to  biopsy,  nasal  smears 
and  routine  physical  examination. 

The  suggestion  has  been  made  that  some  subjects  for  such 
studies  as  this  one  should  receive  remuneration  for  the  time  given 
up  from  work  in  order  to  participate.  This  is  necessary  to  collect 
'  an  adequate  sample  and  makes  it  easier  to  exercise  control  over  appointment 
schedules  and  return  visits. 

Finally,  determination  of  the  effectiveness  of  the  human  nose 
in  filtering  pollutant  gases  has  been  dealt  with  only  briefly  in  the 
literature.  Greater  knowledge  is  needed  to  explain  the  actual  mechanism 
of  filtration  and  other  functions  of  the  upper  respiratory  tract. 

The  actual  adsorption  of  gaseous  particles  by  the  mucosa  of  the  nose 
and  the  humidifying  capacity  of  the  upper  respiratory  tree  devs.s'WS 
consideration  in  future  research  models. 


APPENDIX  A 

Conversion  of  angle  subtended  by 

the  tangent  to  pressure-fleer  curve  (at  12  run  level) 
to  nasal  resistance  in  era  Hater /liter /second. 
Oscilloscope  sensitivity  settings  : 
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appzndi::  b 


Standard  Deviations  and  Feans  : 

Gmur.  category  Resistance  before  S0o  Resistance  after  S0o 


normals 

1.09 

- 

0.03  cm  H^O/L/sec 

1.22 

-r 

0.23 

colds  4-  chronic 

3.14 

+ 

0.31 

3.09 

j- 

0.39 

rhinitis 

colds  alone 

3.00 

4" 

0.29 

3.13 

"1“ 

0.92 

chronic  rhinitis 

3.01 

4- 

0.G0 

3.04 

0.95 

alone 

_ _ 

Group  category 
normals 

colds  -i-  chronic  rhinitis 
colds  alone 
chronic 


Percent  Filtration 


99.0  +  0.3 
91.3  +  1.9 
92.0  +  1.3 


■hinitis  alone 


90.7  -f  2.0 
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AP FEND IX  C 


•  Distribution  of  sample 


Normals ; 


Age 

5-20 


21-40 

41-50 

51-60 

61-70 


Chronic  and  colds: 


A 

-  x 


ge 


5-20 

21-30 

51-40 

41-50 


51-60 


61-70 


0 


3 

4 
0 
1 

0 

0 


Females 
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2 

0 

2 

0 


0 


Females 


1 

4 

1 

0 

0 

1 


# 
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APPZNDIX 


D 


lliscellaneous  neans 


Normals:  Percent  filtration 


females  -  99  3% 
males  -  90.9% 
Negroes  -  99.1% 


Colds  and  chronic  rhinitis:  Percent  filtration 


females  -  90.9%, 
males  -  91. 6% 
Negroes  -  89.5%, 
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